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Abstract
OBJECTIVES—To determine whether the increasing fall death rate among people aged 65 and 
older is due in part to temporal changes in recording the underlying cause of death.
DESIGN—Analyses of multiple cause of death data using the online Centers for Disease Control 
and Prevention Wide-ranging ON-line Data for Epidemiologic Research system, which uses the 
National Center for Health Statistics’ Multiple Cause of Death data set.
SETTING—United States, 1999 to 2010.
PARTICIPANTS—People aged 65 and older with a fall listed on their death record as the 
underlying or a contributing cause of death.
MEASUREMENTS—Circumstances and contributing causes off all deaths—records listing 
International Classification of Diseases, Tenth Revision, codes W00 to W19 as the underlying 
cause of death—and underlying causes for records with falls as a contributing cause were 
examined. Joinpoint regression analysis was used to assess trends in the proportion of fall and fall-
associated deaths to total deaths for 1999 to 2010.
RESULTS—In 2010, there were 21,649 fall deaths and 5,402 fall-associated deaths among 
people aged 65 and older; 48.7% of fall deaths involved a head injury. Approximately half the fall 
death records included diseases of the circulatory system as contributing causes. From 1999 to 
2010, there was a trend toward more-specific reporting of falls circumstances, although total 
deaths remained unchanged. The proportion of fall deaths to total deaths increased 114.3%, and 
that of fall-associated deaths to total deaths increased 43.1%.
CONCLUSION—The reasons behind the increasing older adult fall death rate deserve further 
investigation. Possible contributing factors include changing trends in underlying chronic diseases 
and better reporting of falls as the underlying cause of death.
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Unintentional falls are a leading cause of death and the leading cause of death from injuries 
in older adults (≥65). From 1999 to 2010, the number of people aged 65 and older increased 
approximately 17%,1 the number of fall deaths more than doubled (from 10,097 to 21,649),2 
and the age-adjusted unintentional fall death rate increased 78.2% (from 29.4 to 52.4 deaths 
per 100,000 older adults).2
National fall death rates are derived from death certificate data, which classify causes of 
death as contributing or underlying. Contributing causes of death are causes or conditions 
reported on the death certificate but not selected as the underlying cause. The World Health 
Organization (WHO) defines the underlying cause of death as the disease or injury that 
initiated the train of events leading directly to death or the circumstances of the accident or 
violence that produced the fatal injury.3 In the case of a death due to a traumatic injury, the 
cause of the injury should be considered the underlying cause. Organizations including the 
Centers for Disease Control and Prevention (CDC) and WHO typically use the underlying 
cause for tabulating mortality statistics.
The primary aim of this study was to determine the circumstances and multiple causes of 
deaths in which a fall was mentioned as the underlying or a contributing cause on the death 
certificate. It was hypothesized that the increasing fall death rate is due in part to temporal 
changes in recording falls as the underlying cause of death. Patterns in these data could 
inform further investigations into the principal factors contributing to the increasing older 
adult fall death rate.
METHODS
Multiple-cause-of-death data for 1999 through 2010 were analyzed using CDC Wide-
ranging ON-line Data for Epidemiologic Research (WONDER), an online information 
system that allows a user to query data using menus.2 The National Center for Health 
Statistics (NCHS) publishes the Multiple Cause of Death (MCD) data set.4 State registries 
collect mortality data and provided them to the National Vital Statistics System. For each 
year of the 12-year period, every death record in WONDER MCD contained demographic 
and geographic characteristics, as well as the underlying cause of death, and room for up to 
19 contributing causes of death. Since 1999, causes of death in the United States have been 
coded using the International Classification of Diseases, Tenth Revision (ICD-10).5
For 2010, the circumstances of unintentional fall deaths (fall deaths not self-inflicted or 
associated with violence; ICD-10 codes W00–W19) and the contributing causes associated 
with these deaths were examined. The underlying causes of fall-associated deaths, defined 
as records that included a fall as a contributing cause but not as the underlying cause, were 
also examined.
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Trends from 1999 to 2010 in total deaths, the proportion of fall deaths to total deaths, the 
proportion of fall-associated deaths to total deaths, and age-adjusted fall death rates were 
analyzed. Trend analyses were conducted using Joinpoint analyses. The Joinpoint regression 
program tests whether a multisegmented line fits the data better than a straight line 
(Joinpoint Regression Program, version 3.3, National Cancer Institute, http://
surveillance.cancer.gov/joinpoint/). Trends of the log of the outcome were analyzed to 
obtain the annual percentage change (APC) of line segments from the model estimates. P < .
05 was considered statistically significant.
RESULTS
Circumstances of Fall Deaths
ICD-10 codes were examined to clarify the circumstances of fall deaths. Of the 21,649 
unintentional fall deaths that occurred in 2010, 35.3% occurred from falling on the same 
level (W00, W01, W18) and 6.5% from falling on or from stairs and steps (W10) (Table 1). 
An additional 4.4% of falls involved furniture (W06–W08), such as falling when 
transferring (e.g., from the bed to a chair) or falling off furniture (e.g., after standing on a 
chair). The circumstances for 49.1% of fall deaths were not specified (W19).
From 1999 to 2010, the percentage of deaths from falls on or from stairs and steps (W10) 
declined steadily from 10.3% to 6.5% (APC = –3.8%, test for trend, P < .001); falls from the 
same level from slipping, tripping, and stumbling (W01) also declined steadily from 5.4% to 
3.2% (APC = –3.9%, P < .001) (data not shown). By contrast, from 1999 to 2002, the 
percentage of unspecified falls (W19) decreased quickly from 65.3% to 50.9% (APC = –
7.2%, P = .001) and then decreased more gradually to 49.1% (APC = –0.8%, P = .02) 
(Figure 1). In comparison, from 1999 to 2001, the percentage of other falls on the same level 
(W18) increased sharply, from 5.3% to 22.4% (APC = 85.9%, P < .001) and then increased 
more slowly to 31.7% (APC = 5.4%, P < .001). Although these changes indicated a trend 
toward more-specific reporting of falls circumstances, they did not explain the increasing 
fall death rate.
Fall as the Underlying Cause
In 2010, there were 21,649 fall death records containing a total of 88,831 multiple-cause-of-
death ICD-10 codes; these included 21,687 external cause of injury codes for falls (W00–
W19). After excluding the falls codes, 67,144 contributing cause codes remained. The mean 
number of contributing cause codes per death record increased gradually from 2.9 in 1999 to 
3.1 in 2010, and the median number of cause codes was 3.0 for the entire time period.
The contributing causes of fall deaths for 1999 and 2010 were examined at the ICD-10 
chapter level, as well as according to specific subchapters and individual codes for major 
injuries and diseases (Table 2). The output provided the number of deaths on the death 
certificate with at least one mention of the specified contributing cause category. Each fall 
death record included at least one nature of injury code (S00–T98); 91.4% of deaths in 2010 
had injuries to one or more specific parts of the body reported (S00–S99), and 18.3% had 
injuries to multiple body regions or injuries from other external causes reported (T00–T98). 
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Almost half of fall deaths involved head injuries, and 29.5% involved hip fractures. The 
other major contributors to fall deaths were diseases of the circulatory system (I00–I99) 
(47.4%) and diseases of the respiratory system (J00–J98) (17.4%). Within the category of 
circulatory diseases, 49.3% were attributed to hypertensive diseases (I10–I15) and 40.2% to 
ischemic heart diseases (I20–I25). Of the fall deaths associated with respiratory diseases, 
25.0% involved pneumonia (J12–J18), and 42.1% involved chronic obstructive pulmonary 
disease (COPD) (J40–J44).
The proportions of the major contributing causes to fall deaths in 1999 were similar to those 
in 2010, with the exception of hypertensive diseases and mental and behavioral disorders 
(Table 2). From 1999 to 2010, the proportion of fall deaths associated with these two 
categories increased substantially.
Fall as a Contributing Cause
There were 5,402 death records in which falls were listed only as a contributing cause 
(Table 3). For these fall-associated deaths, the leading underlying causes were diseases of 
the circulatory and respiratory systems. An example would be a situation in which a person 
suffered a heart attack and fell. Within the category of circulatory diseases, 57.2% of deaths 
were due to ischemic heart disease and 17.0% to hypertensive disease (data not shown). 
Within the category of respiratory disease, 72.2% of deaths were due to COPD (data not 
shown).
Trends in Falls
From 1999 to 2010, the total number of deaths from all causes in persons aged 65 and older 
remained relatively constant (P = .18), whereas the number of fall deaths increased 114.4% 
(APC=7.4%, test for trend, P < .001), and the age-adjusted fall death rate increased 78.2% 
(1999–2004, APC = 7.2%, P < .001; 2004–2010, APC = 4.5%, P < .001) (Table 4). 
Consequently, the proportion of fall deaths to total deaths increased 114.3% (1999–2007, 
APC = 8.3%, P < .001; 2007–2010, APC = 4.9%, P = .008). The proportion of fall-
associated deaths to total deaths rose 43.1%, increasing from 1999 to 2005 (APC 5.7%, P < .
001) and then leveling off (P = .07).
DISCUSSION
The aims of this study were to determine the circumstances and physiological causes of fall 
deaths. In 2010, there were 21,649 fall deaths, with approximately half involving head 
injuries. The most frequent contributing conditions were circulatory diseases (in large part 
hypertensive and ischemic heart diseases) and, to a lesser extent, respiratory disease (chiefly 
pneumonia and COPD). From 1999 to 2010, there was a trend toward more-specific 
reporting of falls circumstances, although the circumstances of almost half the 2010 fall 
deaths were not specified. During this decade, the number of deaths from all causes 
remained essentially unchanged, whereas the proportion of fall deaths to total deaths 
increased 114%, fallassociated deaths (falls only as a contributing cause) to total deaths 
increased 43%, and fall death rates increased 78%.
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It had been expected that fall-related traumatic brain injury, which had been increasing,6 
would be largely responsible for the increase in fall deaths and death rates and that 
anticoagulant use would be a contributing factor,7,8 but the proportion of fall deaths with a 
head injury as a contributing cause did not change substantially from 1999 to 2010. In 
contrast, the proportion of fall deaths with hypertensive disease as a contributing cause 
increased from 6.9% in 1999 to 23.4% in 2010. Medications used to treat hypertension, such 
as thiazide diuretics and beta blockers, have been associated with increased risk of falls.9,10 
Hypertension also is associated with cognitive decline,11 and fall deaths with mental and 
behavioral disorders as contributing causes increased from 5.9% in 1999 to 15.6% in 2010. 
Cognitive disorders, such as Alzheimer’s disease, increase fall risk.12,13
In the case of death from a traumatic injury such as a fracture, the cause of the injury 
generally should be reported as the underlying cause. Therefore, to be categorized as a fall 
death, the underlying cause must be reported as a fall, such as death from head trauma 
sustained by a person who fell off a ladder. The increase in the proportion of fall deaths to 
total deaths might reflect greater recognition of falls in the sequence of events culminating 
in death, but identifying a fall death may not be straightforward. For example, if a person 
falls at home, fractures a hip, is hospitalized, develops pneumonia, and dies, pneumonia 
should be a contributing cause of death, and the fall should be the underlying cause; 
however, in the case of delayed death after a fall, accurate reporting can be challenging.
In 2010, one in five death certificates that mentioned a fall categorized the fall as a 
contributing rather than the underlying cause. For some of these records, the person 
certifying the cause of death may have misclassified the underlying cause of death. That is, 
although a fall may have initiated the chain of events leading to death, a concomitant illness, 
such as ischemic heart disease, was reported as the underlying cause. It is telling that 
cardiovascular disease frequently, and respiratory diseases to a lesser extent, were reported 
as contributing causes in fall deaths, as well as underlying causes in deaths in which a fall 
was a contributing cause. Cardiovascular disease, which can cause instability, postural 
dizziness, and temporary loss of consciousness (syncope), is an established risk factor for 
falls.14,15 In addition, immobility after a fall injury often can lead to pneumonia, a frequent 
contributing cause of death.
Understanding the circumstances surrounding fatal falls could help clarify the reasons for 
the increasing death rate. In 2010, information about falls circumstances was available for 
11,017 (51%) fall death records. Approximately 70% of these resulted from falls on the 
same level, which is consistent with previous studies that have found that most falls 
occurred on a level surface when a person was walking or turning.16,17 A recent study, also 
using WONDER, reported that, from 1999 to 2007, the greatest increase in fall death rates 
occurred in the subgroup of falls on the same level (W18).18 These authors concluded that 
this category of falls was driving the increasing death rates, but they did not examine the 
changes in the proportion of fall deaths attributed to these circumstances. The current study 
found that the proportion of unspecified falls (W19) decreased, whereas the proportion of 
other falls on the same level (W18) increased, suggesting that more-precise reporting 
contributed to the increased rate for this category of falls.
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Although better detection of falls may be influencing the increasing fall death rates, other 
explanations must be considered. There have been opposing trends in death rates for several 
chronic diseases strongly associated with falls. Between 1970 and 2002, death rates for heart 
disease declined 52%, whereas death rates for COPD doubled.19 Falls were frequently 
recorded as a contributing cause in cardiovascular deaths. It is likely that a decrease in heart 
disease deaths would produce a corresponding decrease in cardiovascular deaths with falls 
as a contributing cause. In contrast, approximately 16% of fall deaths were associated with 
pneumonia, a disease that is often attributed to immobility after a fall. In cases of death from 
pneumonia, falls might be more often recorded as the underlying cause and pneumonia as a 
contributing cause. The end result would be an increase in fall deaths.
There are some additional limitations that should be mentioned. A number of studies have 
noted problems in determining and reporting injury deaths.20,21 Another compared hospital 
discharge data with death certificate data and found that fall deaths were undercounted by 
22%.22 This was attributed to clinicians not recognizing a fall as the original event that led 
to the subsequent pathology (e.g., pneumonia), classifying a death resulting from a fall as 
natural (e.g., intracranial hemorrhage), or focusing on preexisting medical conditions (e.g., 
cardiovascular disease) rather than on more-recent traumatic injuries from a fall.
Distinguishing between the underlying cause and contributing causes can be challenging for 
the person completing the death certificate. For example, did the individual fall and 
subsequently die from a cardiac event (fall as the underlying cause), or did the individual 
have a cardiac event and then fall (fall as a contributing cause)? Although this level of detail 
may be difficult to obtain, it is possible that correctly reporting falls as the underlying cause 
of death is improving. Better training is needed to help medical examiners and coroners 
complete death certificates more accurately.
Finally, data were not available on factors that might have affected the observed trends, such 
as changes in medication prescribing practices, changes in treatments for chronic conditions, 
and increasing frailty in the population aged 65 and older.
Although better reporting may contribute, the largest influence on fall death rates is 
probably the health of the rapidly aging population. U.S. life expectancy has increased,23 
and people are living longer with chronic conditions such as diabetes mellitus, arthritis, and 
cardiovascular diseases. Along with advancing age, these conditions14,15,24,25 and the 
medications used to treat them26,27 can reduce older adults’ functional abilities and increase 
their risk of falling. Such frail older adults are more likely to die if they experience a fall 
injury.
The MCD data used in this study were derived from vital statistics that all states collect in a 
standardized manner and are virtually complete,28 but vital statistics are obtained from death 
certificates that are subject to incomplete reporting or misclassification. The quality of these 
data depends on the information available to the coroner or medical examiner who 
completes the death certificate and how completely this information is reported. Despite 
these challenges, evidence suggests that falls are more likely to be undercounted than 
overcounted.22 In addition, the circumstances of approximately half of fall deaths were not 
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specified. More-comprehensive and -detailed data are needed to better describe the 
circumstances of fall deaths.
To the knowledge of the authors, this is the first study to use MCD data to compare 
underlying and contributing causes of fall deaths, to examine temporal changes in reporting 
fall deaths, and to discuss how these changes may be contributing to the increasing fall death 
rate.
The fall death rate in older adults and the number of older adults at risk of falling are 
increasing. Specific reporting of falls circumstances using ICD-10 codes improved from 
1999 to 2010. Of fall deaths that occurred in 2010, almost half involved head injuries, and 
approximately 30% involved hip fractures. The other major contributors to fall deaths were 
circulatory diseases and, to a lesser extent, respiratory diseases. Changes in death rates for 
underlying chronic diseases, as well as better recognition and reporting of falls as the 
underlying cause of death, may partially explain the rapidly increasing fall death rate.
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Figure 1. 
Changes in proportion of fall deaths according to circumstances, 1999–2010.
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Table 1
Circumstances of Unintentional Fall Deathsa in Persons Aged 65 and Older: United States, 2010
Circumstances of Fall
ICD-10
Code
Deaths, n
(% of Fall Deaths)
Fall on same level involving ice
and snow
W00 77 (0.4)
Same level from slipping, tripping,
and stumbling
W01 703 (3.2)
Fall involving sports, caused by
collision, being pushed, or while
being carried
W02–W04 63 (0.3)
Fall involving wheelchair W05 404 (1.9)
Fall involving furnitureb W06–W08 956 (4.4)
Fall on and from stairs and steps W10 1,402 (6.5)
Fall from a heightc W11–W16 403 (1.9)
Other fall from one level to
another
W17 140 (0.6)
Other fall on same level W18 6,869 (31.7)
Unspecified fall W19 10,632 (49.1)
Total 21,649 (100.0)
a
International Classification of Diseases, Tenth Revision (ICD-10) codes W00–W19.
b
Bed, chair, or other furniture.
cOn and from ladder or scaffolding; from, out of, or through a building or structure; from a tree or cliff; diving or jumping into water.
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Table 2
Contributing Causes Associated with Unintentional Falla Deaths among Persons Aged 65 and Older: United 
States, 2010 and 1999
Contributing Cause of Deathb
International Classification
of Diseases, Tenth Revision
Chapter, Subchapter, or
Individual Code
Deaths in 2010,
n (% within
Category)
Fall Deaths
in 2010,
%, n = 21,649
Fall Deaths in 1999,
%, n = 10,097
Injury to a specific body part S00–S99 19,787 91.4 94.0
 Head injury S00–S09 10,535 (53.2) 48.7 49.7
 Hip fracture S72 6,380 (32.2) 29.5 32.0
 Other injury S10–S69, S70–S71, S73–S99 4,092 (20.7) 18.9 17.7
Injury to multiple body regions and from
other external causes
T00–T98 3,966 18.3 21.5
Disease of the circulatory system I00–I99 10,270 47.4 42.7
 Hypertensive disease I10–I15 5,060 (49.3) 23.4 6.9
 Ischemic heart disease I20–I25 4,131 (40.2) 19.1 16.2
 Other circulatory diseass I00–I09, I26–I99 5,253 (51.1) 24.3 27.4
Disease of the respiratory system J00–J98 3,764 17.4 17.7
 Pneumonia J12–J18 1,068 (28.4) 4.9 7.0
 Chronic obstructive pulmonary disease J40–J44 1,583 (42.1) 7.3 5.4
 Other respiratory disease J00–J11, J20–J39, J45–J98 1,469 (39.0) 6.8 7.7
Mental and behavioral disorder F01–F99 3,376 15.6 5.9
Symptoms, signs, and abnormal clinical
and laboratory findings
R00–R99 2,584 11.9 10.1
Endocrine, nutritional, and metabolic disease E00–E89 2,345 10.8 7.4
Disease of the nervous system G00–G98 1,685 7.8 8.3
Disease of the musculoskeletal system and
connective tissue
M00–M99 1,169 5.4 3.7
Disease of the genitourinary system N00–N99 1,162 5.4 4.1
Neoplasm C00–D48 1,028 4.7 4.4
Other cause A00–B99, D50–D89, H00–H95,
K00–K92, L00–L98, Q00–Q99,
V01–V99, W20–Y89
2,016 9.3 12.0
aW00–W19.
bCategories are not mutually exclusive, so percentages add to more than 100.
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Table 3
Underlying Causes of Death in Fall-Associateda Deaths among Persons Aged 65 and Older: United States, 
2010
Underlying Cause of Death
International
Classification
of Diseases,
Tenth Revision
Chapter Codes
Deaths, n
(% of Deaths)
Disease of the circulatory
system
I00–I99 2,877 (53.3)
Disease of the respiratory
system
J00–J98 550 (10.2)
Mental and behavioral disorder F01–F99 444 (8.2)
Disease of the nervous system G00–G98 403 (7.5)
Neoplasm C00–D48 341 (6.3)
Disease of the musculoskeletal
system and connective tissue
M00–M99 159 (2.9)
Endocrine, nutritional, and
metabolic disease
E00–E88 149 (2.8)
Disease of the digestive
system
K00–K92 139 (2.6)
Disease of the genitourinary
system
N00–N98 132 (2.4)
Certain infectious and
parasitic diseases
A00–B99 126 (2.3)
Other D50–D89, L00–L98,
Q00–Q99,
R00–R99,
V01–Y89
82 (1.5)
Total 5,402 (100.0)
a
Fall as a contributing but not the underlying cause.
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